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Abstract
This paper introduces the N-ey[any] Wheel sys-
tem, a set of modular wheels that enable be-
spoke platform development for rapid field de-
ployments. The N-ey Wheel is influenced by ex-
isting modular and inspection robots but pro-
vides a simple-to-operate solution to exploring
various environments. Each wheel provides two
degrees of freedom allowing any continuous ori-
entation to be achieved within a plane. On-
board computing and a wifi connection enables
the N-ey Wheels to operate individually or col-
laboratively. Heterogeneous robot platforms
can be created as required through the use
of adaptors. With robots of differing shapes,
sizes and configurations able to be created at
run time as demonstrated within the labora-
tory and in the field. The dynamic nature of
the system model dictates the control charac-
teristics providing differential, Ackerman and
nonholonomic omnidirectional control options
to the user.
1 Introduction
Currently, it is normal for robots to be specifically de-
signed and built to fulfil their tasks. This typically re-
sults in a robot that is efficient at it’s singular designed
task, but is limited in it’s ability to reconfigure or be
applied to a task that if different in scope. The spe-
cialised nature of this design process precludes many
groups from advancing in the field of automation and
robotics. The repercussions of the costs of specialisa-
tion are that robotics remains in the domain of compa-
nies that can afford specialised robots. An example of
this was Amazon’s acquisition of Kiva Robotics for US
$775M [Kucera, 2012]. Additional to high financial costs
are lengthy time frames associated with robot develop-
ment. For example, in their project exploring the Great
Pyramid of Giza using robots, the Supreme Council of
Figure 1: A decaying building, Peel Island, Queensland
Antiquities has waited nine years between expeditions
[Richardson et al., 2013].
The N-ey Wheel aims to remove long lead times and
the large expense involved in getting a robot into the
field. This paper will describe the systems ability to cre-
ate bespoke mobile platforms to operate within a desired
environment. Through the use of modular mobility units
flexible enough to work with purpose designed frames or
create robotic platforms from everyday items.
The dynamic nature of field robotics means that a
robot designed to operate within one environment is in
turn limited in its ability to operate in other environ-
ments. Furthermore, within sensitive sites no alterations
can be made to the environment to aid the robot. One
example of this is the heritage site Peel Island; an is-
land with a diverse range of environments and terrains
[Juckes et al., 2013].
The environment ranges from expansive areas of grass
between buildings, leaf litter within the wooded areas,
fine dirt under the buildings and polished wooden floors.
Additionally, the buildings are in varying states of de-
cay (Figure 1). Other challenging sites for field robotics
include caves, basements and any other environments of
cultural significance.
Each of these scenarios could warrant its own robot to
survey, map and monitor. A robot monitoring the en-
Figure 2: The N-ey Wheel system operating in the field
vironment within the wooded areas would benefit from
a large foot print allowing it to navigate through un-
even terrain such as tree roots and holes in the ground.
The larger robot also adds the advantage of carrying ad-
ditional batteries to extend range and extra sensors for
data collection. Comparatively, a robot operating within
an unstable building with decaying flooring needs to be
small with low mass. This allows the robot to operate
in a fragile environment that has already deteriorated,
without causing further damage. While narrow openings
to access areas and tight passages created by collapsed
buildings require narrow or misshaped robots that would
allow for the robot to be inserted into the building and
navigate throughout.
The ability to reconfigure a robot in the field to oper-
ate within varying environments increases the work that
can be carried out while decreasing the equipment re-
quired in the field. In the case of Peel Island, this is
important as the journey to the island is only possible
on a small boat and a beach landing. A re-configurable
modular system allows the footprint of the robot to be
changed quickly to allow operation in confined space and
rough terrain alike. Additionally, a modular system al-
lows for the fast adaptation of an entire platform. The
ability to change from a large onmi directional robot to
small tricycle or differential drive robot quickly, allows
deployment in varied environments without long delays
and costly modifications. Modular systems also allow
the connection to almost any inanimate object for the
rapid creation of a robotic platform.
The N-ey Wheel presents a simple-to-operate system
for the surveying and monitoring of varying environ-
ments with the added ability to be reconfigured to suit
the environment in which it has been placed (Figure 2).
The quick connections allow wheels to be added and re-
moved as required while the user interface allows for the
system model to be reconfigured at runtime. This ap-
proach could be generalized to other modules like legs,
arms or rotors.
2 Prior Work
The design and functionality of the N-ey Wheel system
is inspired by existing work, particularly the latest in the
field of robotic technology used for inspections of sites
and existing modular robots.
There are many examples of production field robots
such as the Clearpath Husky [Hus, ] and the Robotnik
SUMMIT XL HL [rob, ]. Both of which provide an ex-
cellent platform to add sensors and operate within the
field. However, each robot offers little in the way of re-
configuration of the platform and both are designed to
operate within a specific environment. The Husky and
Summit XL HL weigh in at more than 50kg excluding
payload hence they would struggle to operate within sen-
sitive environments without causing damage.
The idea of a set of wheels moving independently to
achieve a common goal is not new. One example is
the Modular Steered Wheel Transporter that performs,
among other things, the delicate operation of moving
space shuttles from the hangar to launch pad refer figure
3a. Large cranes have also been mounted onto these plat-
forms to provide manoeuvrability [Cahill et al., 1966].
The design of these transporters prohibits adaptability
as they are built for specific tasks.
The powered caster wheel described in [Holmberg and
Slater, 2002] is another example of a modular wheel de-
signed to be part of a system. These caster wheels are
designed to be incorporated into a robot. This is the
main distinction between the powered caster wheel and
the N-ey Wheel module with the latter operating as a
group of individually robots. Although it is anticipated
that similar design challenges will be met.
The four wheel steered agricultural robot [Bak and
Jakobsen, 2004] uses two degree of freedom modular
wheels, similar to those of the N-ey Wheel module and
power caster (Figure 3b). They propose a control strat-
egy based around controlling the front and rear wheels
as pairs. This allows the minimization of distance to
the desired path. To avoid wheels entering in to singu-
lar configurations, wheel rotation is restricted to +−135◦
with any command to move inside this angle shifted to
its edges. The simple mechanical design allows for them
to be added to almost any structure to create a robot.
This technology allowing for modularity and adaptabil-
ity will be vital to the N-ey Wheel’s success.
Cube bots such as M-Blocks by [Romanishin et al.,
2013] and Telecubes [Vassilvitskii et al., 2002] offer a
modular and self reconfigurable platform. Although
their limited ability to move freely restricts their use
in field robotics. An area approached by the modular
wheeled robots (MWR) designed by [Mutambara and
Durrant-Whyte, 2000] (Figure 3c) uses manually con-
(a) Self-Propelled Modular Transporter (SPMT) [Enerpac,
2016]
(b) Modular wheel for agricultural robotics [Bak and
Jakobsen, 2004]
(c) Reconfigurable modular wheeled robots [Mutambara
and Durrant-Whyte, 2000]
(d) Amazon warehouse with Kiva systems robots and mod-
ified floors[Guizzo, 2008]
Figure 3: Existing modular and inspection robots
nected wheel, power and computing modules to create
homogeneous wheeled robots. All modules are cubes of
equal size connecting to create a robotic platform. The
cube platform restricts the form of the MWR to combi-
nations achievable by connecting blocks together. This
restriction limits its ability to adapt to unknown envi-
ronments and reconfigure rapidly.
The Lego Mindstorm kits have grown in popularity
since their introduction in 1998. Their inclusion into
classrooms is an indication of the changes in how children
learn about technology and the acceptance of robots in
general [Trangbk, 2016]. Despite the simplistic look the
modular nature of the Lego Mindstorm allows the cre-
ations of complex engineering systems such as Segways
[Axelsson and Jung, 2011]. This concept of modular
robots for learning has been adopted many companies,
most recently, Cubelets. Cubelets are a set of modu-
lar robotics components that snap together, with each
module categorised into ”action”, ”sense” and ”think”.
Using these building blocks robot construction is limited
only by imagination [mod, 2012].
Robots that appear straightforward to operate, such
the Kiva systems robots, often require sophisticated
modifications to the environment to enable them to work
within the Amazon warehouse (Figure 3d). This technol-
ogy has revolutionised warehousing so that items move
to workers rather than workers moving to the item. This
has been achieved through the use of a number of robots
Figure 4: N-ey Wheel module
designed for the task of moving shelves around the ware-
house and has subsequently required heavy modification
of their warehouse environments. Modifications include
the addition of barcodes on the floor to enable the robots
to navigate as well as identifying barcodes on the bot-
toms of all the shelving [Guizzo, 2008].
3 System Description
The N-ey Wheel system has been designed to facilitate
fast deployment of field robots of differing configurations.
This is achieved through the use of self contained two de-
gree of freedom wheels. The ability to quickly connect
them to an unknown platform and quickly change the
robots model allowing a core set of components to oper-
ate in many different environments.
3.1 Modular wheel design
The N-ey Wheel modules have been designed to be self
contained two degree of freedom wheels (Figure 4). Each
module can generate a speed and heading through the
use of dynamixel continuous rotation servos located be-
hind the wheel and below the coupling at the top of
the module. Their centre of rotation aligning to reduce
torque during rotation. The wheel and top coupling use
ISO 9409-1404M6 bolt pattern to enable cross platform
comparability. A generic set of adaptors has been cre-
ated to enable rapid system assembly and reconfigura-
tion.
On board computing is provided in each wheel in the
form of a Raspberry Pi 2 providing both the wheels com-
mands and wifi communication between modules. Built
into the main link of each wheel is a four cell lipo bat-
tery providing power. The battery is accessed through
a removable panel on the back of the link. 3D printing
has been used to create the modules main link couplings
and housings. This has enabled fast production of the
wheels with design changes being implemented at each
revision.
Figure 5: Creating robots from inanimate objects. Single
module with milk crate and Pelican storage case
3.2 Bespoke robot platform assembly
The modular design of the N-ey Wheel system allows
for operation in varying configurations. These include
a single wheel pulling two caster wheels operating as a
tricycle. As demonstrated with a simple adapter to the
handle of a pelican case, a modified milk create and a
purpose built sensor caring frame (Figure 5). Combina-
tions of multiple modules are almost limitless with the
ability to configure the system model to suit the robot
created. These can be created by bolting directly to
the modules such as the three spoke sensor caring frame
(Figure 7). Alternatively, combinations of clamps allows
for quick connection to planks and pipes.
3.3 Software
Software running in the N-ey Wheel system has been
written to allow for operation with the only input a de-
sired velocity (Figure 6). This can be provided via a
planner or teleoperation such as a remote control. The
software is split into distinct sections, system model,
core, individual wheels and the planner. This approach,
coupled with the controller created for the N-ey Wheel
system, allows for the appropriate command to be sent
to each individual wheel. The system model provides
the details for each wheel attached to the system. This
provides the parameter server with the name, pose and
motor details for each of the wheels. The pose of each
wheel is in respect to the movement centre of the robot.
With the parameter server initialised, the core creates an
object for each wheel keeping track of each wheel’s pose
as it changes over time. This initialization process allows
for different orientation and numbers of wheels without
revising software. Additionally, the system model can be
modified after initialisation through a simple user inter-
face allowing the number of modules and their poses to
be modified. Each module drives to the desired velocity
requested by the core while returning its own status to
the core. This feedback allows the core to prevent wheels
Figure 6: N-ey Wheel system software flow diagram
working against each other. The base planner provides
the desired velocity for the centre of movement of the
robot. This generic input allows for the system to be
easily changed as required.
3.4 Central Control architecture
The central control of the N-ey Wheel system uses rela-
tive velocities to set the velocity of the individual mod-
ules (Figure 7). Each module’s pose relative to the centre
of the robot is used to determine the required velocity.
This results in the ability to create traditional control
systems by shifting the centre relative to the wheels.
Different combinations of modules and centre points can
create Ackerman steering, differential drive and nonholo-
nomic omni directional movement.
4 Experimentation
During the development of the N-ey Wheel system both
laboratory and field testing has been carried out to test
their capabilities. This included different combinations
of modules and configurations. Laboratory testing in-
volved creating a course with differing tasks to test the
limits of different configurations. While field testing was
carried out on Peel Island to map some of the historic
and decaying buildings.
Figure 7: Rigid body motion of 3 wheeled robot
(a) Configuration C1 (b) Configuration C2 (c) Configuration C3 (d) Configuration C4
Figure 8: Different robot configurations used during testing
Figure 9: Obstacle course used for the experiments: nar-
row passageway(A1), 90◦corners(A2) and rubble(A3)
The course created in the laboratory aimed to demon-
strate the capabilities of the N-ey Wheel system. This
included long winding paths, narrow passageways (A1),
tight 90◦corners (A2) and rubble (A3) for the platforms
to navigate (Figure 9). All experimentation was carried
out via teleoperation this could be replaced by a simple
planner.
During testing four robot configurations were used.
The tricycle with one powered module and two passive
wheels known as configuration C1 and the 3 spoked test-
ing frame with three powered modules referred to as con-
figuration C2. Additionally two configurations with 3
modules using a plank as the body one short configura-
tion C3 and the other long configuration C4 (Figure 8).
4.1 Variation on the number of wheels
Tests were performed to ensure the seamless transition
from configuration C2 to configuration C1 and back
again. The test demonstrated the transition between
a robot with different numbers of modules and module
configurations. Each robot was tested in the obstacle
course navigated by an operator via teleoperation.
Testing involved an operator removing three modules
from an existing robot. A single module was then at-
tached to the tricycle frame creating configuration C1
and the parameters edited. The robot was then set down
and driven through the obstacle course (Figure 10a).
(a) N-ey Wheel in configuration (C1) unable to pass rub-
ble in the course at A3
(b) Reconfigured N-ey Wheel in configuration (C2) able
to pass the rubble
Figure 10: Testing wheel combinations.
From there, the robot then returned and the operator
removed the single module. Three module were then at-
tached to the three spoke frame reconfiguring into C2
and the parameters altered. The new robot was placed
on the floor and navigated through the obstacle course
(Figure 10b).
The transitions between different numbers of modules
were carried out effectively, with the controller adapt-
ing to the revised number of modules and orientations.
Configuration C1 was able to travel around the course
manoeuvring through the narrow passageway (A1) and
the tight 90◦corner(A2). The configuration C1 did not
manage to pass the rubble (A3) on the far side of the
(a) N-ey Wheel in configuration C3 able to pass through
all sections A1 and A2
(b) N-ey Wheel in configuration C4 unable to pass
through section A2
Figure 11: Testing different shaped robots.
course as it was unable to pull the two passive wheels
over the rubble.
Configuration C2 with the larger foot print and ad-
ditional two powered modules encountered no problems
passing the rubble (A3). However, the narrow gaps pre-
sented in this form of the short passageway (A1) and
the 90 ◦turn (A2) were too narrow for the larger robot
footprint to pass.
4.2 Variation on the shape of the robot
structure
This test was designed to show the quick reconfiguration
of different shaped robots by transitioning from configu-
ration C3 to configuration C4. This demonstrates the
speed at which multiple robotic platforms capable of
moving within a complex environment can be created.
Testing started with the robot in configuration C3 to
the right of the scene (Figure 11a). The platform via
teleoperation travelled to the goal shown on the left hand
side of the frame. An operator then removed the modules
from the short plank and they were attached to the long
plank generating configuration C4 (Figure 10b). The
long plank was then navigated back to the starting point
on the right of the scene.
The configuration C4 was successfully navigated
through all aspects of the course including the narrow
passage (A1) way and the 90◦corner (A2). The change
of platform was facilitated by the use of clamps designed
to attach the modules to flat objects. After the system
model was changed to suit configuration C4, the plat-
form was driven back to the start goal. The ability of
the N-ey Wheel system to provide translation and rota-
tion became important as the long plank pose required
changing as the course was navigated. In configuration
C4 the robot was also able to navigate the narrow pas-
sage (A1) but due to its length was unable to pass the
90◦turn (A2).
5 Field deployment
The first field deployment of the N-ey Wheel system
came early during development meaning that only a sin-
gle module was taken to Peel Island. The goal of the
deployment was to scan the exterior and interior of the
buildings on the site. The island is home to heritage
listed buildings remaining from an early 20th century de-
caying timber leprosarium; some of these buildings are
now inaccessible or hazardous to enter, yet are protected
by state heritage listing.
The island is only accessible by boat and at times the
landing requires wading through water. As such, any
equipment taken ashore is limited and must be light
enough to carry. These restrictions meant that taking
separate robots to map the inside and outside of the
buildings would be difficult. A lightweight reconfigurable
sensor frame was designed for this field deployment.
A single N-ey Wheel module with two passive wheels
was deployed to Peel Island designed to show the quick
reconfiguration of different shaped robots. The passive
wheels were connected to an adjustable aluminium frame
similar to that of a tricycle (Figures 12b and 12c). With
an added ability to adjust both the length between the
front and rear wheels and the distance between the two
passive wheels. Mapping was provided by the spinning
laser scanner mounted on the neck of the tricycle with its
own computing and power additionally provided. The
platform was taken to Peel Island, disassembled and
stored in a pelican case for transport.
The historical Doctor’s residence was selected for scan-
ning as it is a building with limited human access due
to its current level of decay and the need to protect its
heritage significance (Figure 12a). The tricycle was tele-
operated both internally and externally. Scans of both
the interior and exterior of the building were successfully
created (Figure 12d) for internal scan of the Doctor’s res-
idence. Internally, the robot was successfully navigated
through doorways between rooms, around holes in the
floor and across highly unstable flooring. The platform
encountered difficulty with the large steps in the floor
encountered at the bathrooms and when a passive wheel
(a) Image from inside former doctors residence with ob-
stacles and decayed floors
(b) N-ey Wheel in C-1 configuration with laser sensor
used to scan doctors residence on Peel Island deployment
(c) Former doctors residence scanned currently with lim-
ited human access due to decay [Google, 2016]
(d) Internal scan of doctors residence on Peel Island cre-
ated with the Ne-Wheel during field testing. Inserts im-
ages of the bedroom connecting doors and veranda
Figure 12: Doctors residence on Peel Island the robot deployed to scan it and the resulting scan.
fell through a hole in the floor. The robot required as-
sistance on only two occasions. Externally, the robot
encountered leaf litter and soft sand. The weight dis-
tribution meant traction for the powered wheel in the
soft sand leaf litter was low and the robot was slow and
difficult to operate.
6 Conclusion
6.1 Discussion
This project set out to enable the transportation of vari-
ous shaped objects in the field with the modular mobility
units. Through enabling bespoke platform development
as required by field conditions. The design of the N-
ey Wheel system focused heavily on existing inspection
and modular robots while learning lessons from existing
two degree of freedom wheels. The 3D printed mod-
ules allowed for fast iterating and the design of multiple
systems to adapt the wheels as required. The design
of the software and control enable fast reconfiguration
of a robotic platform. Bespoke platform development
and an ability to adapt to various shaped objects has
been demonstrated through testing. Tests carried out
also demonstrated the speed at which the clamps and
dovetail connectors work. A trip to Peel Island provided
an ideal opportunity to test the system in the field with
initial testing proving positive while also providing di-
rection for development.
6.2 Future Work
During testing of the N-ey Wheel system several areas
of improvement were identified. Currently, power to the
Raspberry Pi is exposed posing a potential issue around
robustness, resolving this will be key to successes in the
field. A return trip to Peel Island is scheduled in the fu-
ture to further test the experimentation conducted with
a single wheel. These tests will aim to solve the is-
sues encountered with a single powered wheel unable to
pull passive wheels up ledges. The user interface will
be improved to decrease time taken to change configu-
rations. Plans to explore automation of the system to
allow longer term deployment. With system identifica-
tion removing the need for user inputs being the final
goal.
Benchmark testing will be carried out with other ex-
isting robotic platforms to demonstrate the flexibility of
the N-ey Wheel system. This will include reproducing
the obstacle course used to demonstrate the systems re-
configurability. The different robotic platforms and N-ey
Wheel configurations will complete the three obstacles
in a controlled manner. This will provide details of the
N-ey Wheel’s capabilities in comparison to alternative
robotic platforms.
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